Background: The current research attempts to systematically investigate the causal interactions between renewable energy generation, aggregated energy use, human capital, and economic performance in Pakistan both in a short-term and long-term test for the period of 1990-2016. Methods: As a primary step, a unit root analysis was conducted employing, among others, an augmented Dickey-Fuller-generalized least squares (ADF-GLS) test. Based on the order of integration I(1), the Johansen and Juselius (JJ) co-integration testing was employed to confirm a long-term causality analysis, which was followed by a vector error correction model (VECM) to calculate the short-run Granger causality analysis. Furthermore, the vector autoregressive (VAR)-based Cholesky test allowed the standard deviation impulse response functions to be generated to explain the responses of variables to arbitrary shocks in the data series under analysis. Results: The empirical findings unearthed the bilateral causal connection between aggregated energy use and economic performance, renewable energy generation and economic performance, and human capital and economic performance. Thus, it confirmed the existence of feedback effects for aggregated energy use, renewable energy generation, and human capital in their relation to economic performance. Likewise, a unilateral positive causal connection was revealed running from renewable energy generation and human capital to aggregated energy use, and from human capital to renewable energy generation in both a long-term and short-term test. Additionally, the causal association running from aggregated energy use and renewable energy generation to economic performance was exposed in a long-term as well as short-term test, hence supporting the growth hypothesis. Conclusions: The findings signified the importance of an enhanced generation of renewable energy along with the promotion of an aggregated energy use for the economic performance in Pakistan.
Background
Energy, ecology, and economy are strongly interrelated. However, due to the existing challenges associated with energy distribution and utilization, and in particular ecological issues, it is impossible for a society to achieve sustainable growth without employing eco-friendly energy methods. The challenges faced by the energy sector are global warming, air contamination, harmful radiations, forest destruction, and ozone depletion. Additionally, the pressures on eco-friendly standards imposed by commercial development through energy usage as a channeling means are also the biggest challenges encountered by the energy sector. Since maximum efficiency procedures should be accompanied by a decrease of resource consumption and pollution emission, the production of energy is strongly connected with environmental influences. In addition to this, as all energy issues have some ecological effects, the limitations are more or less enforced by ecological effects on the sustainability and consequent adverse effects that could be overcome, at least to some extent, by promoting energy efficiency. Furthermore, the necessary modifications for improving renewable energy will help decrease ecological impacts, including health risks, and will promote sustainable development [1] . Hence, aggregated energy use, renewable energy generation, human capital, and economic performance are significantly interconnected, where the efficient administration of this nexus shall be profitable not only for the economic growth and human welfare of today but also as a prerequisite for the welfare of tomorrow.
The vitality of allied opportunities, challenges, and risks as well as the resulting consequences has recently drawn the attention of the global community. In particular, scientists were very successful in empirical studies focusing on the link between energy, environment, and economic nexus, with varied outcomes. Former research topics addressing the causal associations of energy, economic performance, and ecology might be categorized into the following seven groups: (i) renewable energy generation and economic performance [2] , (ii) energy use and economic performance [3] , (iii) renewable and non-renewable energy consumption along with economic performance [4] , (iv) energy use and urban ecological sustainability [5] , (v) human capital and economic performance [6] , (vi) economic performance, energy usage, power excess, and growth of population [7] , and (vii) energy, economic performance, and human capital at the same time [8] . These groups of researches, though in broad spectrum, were based on bivariate association without any distinction on the basis of nature of relationship as well as direction of linkages.
However, based on the nature and direction of the mutual effects among the variables of interest, the researches have been classified into four research lines. The first line of research analyzes the causal link between energy use and economic performance by stating that economic progress requires extensive energy use, and the efficient utilization of energy needs an improved economic performance. This causal connection has been extensively discussed in the literature, on the basis of "four energy hypotheses" [9] . Part of the first research line is also the "growth hypothesis," indicating that energy use has a substantial influence on economic performance and thus, strengthening the one-way causality association from energy use to economic performance. In continuation, the second line of research represents the "energy conservation hypothesis" indicating that a decrease of energy use has an adverse impact on GDP. The hypothesis declares a one-way causal link from development to energy use, whereas variations in economic performance cause variations in the use of energy. Thus, sudden changes in the supply of energy might either have less or no impact on development.
The third hypothesis refers to "feedback," which narrates a bilateral association among energy generation and use. Lastly, the fourth is "neutrality hypothesis" narrating the non-existence of any causal link between energy use and economic performance; thus, less energy use will have no influence on development. In contrast, human capital is an important factor to aggregate production, and is directly linked to economic growth [10] . Likewise, it is influential in the generation of renewable energy both via the absorption of new knowledge as well as the provision of labor [11] . The elements describing the connecting links between renewable energy generation, aggregated energy use, human capital, and economic performance are illustrated in Fig. 1 . Figure 2 draws a glance at the trends in energy use, renewable electricity output, and GDP per capita in Pakistan. Renewable electricity output has been observed to be 44% of the total electricity output in the year 1990 which declined and reached its minimum level of 25% in the year 2000. It was probably because of the situation that fossil fuel-based electricity output substantially increased the total electricity output due to heavy industrialization in China during 1990s. In this way, share of renewable electricity output in total electricity output declined during the said period. Afterward, it became stable and until the year 2016 was sustained at around 31%. Energy use in 1990 was around 130 kg of oil equivalent that slowly but continuously declined and reached around 110 kg of oil equivalent by 2016. The gross domestic product (GDP) per capita (constant US dollars 2010) was observed to be 741 US dollars in 1990 and gradually increased with the graduation of time and reached 1179 US dollars in 2016. In this way, generally, the real GDP per capita has shown a rising trend in Pakistan during the course of analysis.
Literature review
It is evident from the literature that energy [12] [13] [14] , energy consumption [15, 16] , and renewable energy have remained the major research interest for many academics. Similarly, the causal link between renewable energy and economic performance [17] [18] [19] , and renewable energy and sustainable development [20] [21] [22] were studied in many articles. Biophysical, ecological, economic analysts and historians believe that economic performance is significantly influenced by the availability of energy inputs. However, while being very focused on the level of economic prosperity, the strength of this link varies dependent on various countries [23] . Thus, these authors determined the energy influence on the development of the economy from a geographical perspective by calculating an aggregate trans-log function of production, with physical and human capital, and productive energy use as its factors, within the progress model. The data of 38 major countries from the year 1995 to 2007 were considered. The findings show the positively estimated productivity elasticities for energy consumption. All country panels, i.e., 15 EU countries, have lower elasticities of about 0.12 while the BRIC countries have higher elasticities of about 0.37. Weak substitutability relations between capital and energy determined for all groups were found, excluding the East EU and BRIC countries, demonstrating reverse relations [24] . W. Liu and Ayres [9, 25] studied the link of economic performance with energy, and Lean and Smyth [26] with energy usage while Ahmad and Zhao [27] analyzed the link of economic performance to energy investment.
Apergis and Payne [28] investigated economic progress and renewable energy use of 20 OECD countries for the period from 1985 to 2005 in a multivariate structure. The results show a long-term equilibrium link between renewable energy use, real gross fixed capital information, economic performance and human capital that indicates positive and strong associations. A bilateral causal link of economic performance and energy use, in both the long and short term, was found by means of the Granger causality analyses. Furthermore, Fang and Chang [8] analyzed the co-integration and causality link between energy use and economic performance for the period of 1970 to 2011 in 16 countries of the Asia Pacific. Adopting the latest augmented panel unit root and co-integration analyses allowed a cross-sectional dependence and a long-run co-integration association among the two stated variables to be determined. As shown by the Granger causality analysis of energy consumption in the region, the outcomes of statistical investigations were decisive for their economic development, whereas the association differs for distinct countries. The research conducted on energy use and supply from various sources in Pakistan recommended that the government should promote the commercial use of aggregated energy and its supply from various sources to overcome the existing energy crises in the country [29] . Fang and Wolski [30] studied the causal link between aggregate and disaggregate energy use with GDPs for 1965 to 2014 in China. The nonlinear multivariate Granger causality analysis was used along with an expanded production function by incorporating both human as well as physical capital. The results declared the neutrality hypothesis for aggregate use of energy and coal, as well as natural gas, and hydroelectricity, whereas the unilateral causal link running from GDP to oil is proved from the results of the nonlinear approach, while a weak impact of human capital and energy was also noticed in the linear method. That means that the energy preservation strategies are practicable in China, and in addition, the strategies for human capital development, especially related to energy skills, might also be helpful for pollution reduction.
Stela [31] investigated the causal association between the aggregate and disaggregate levels of economic development and energy usage and determined them for the time period 1960 to 2006 in Greece with the aim to examine the time series data. The results proved the existence of a unilateral causal link between aggregated energy usage and real GDP at aggregate levels, while, at disaggregated levels, the findings demonstrated a causal bilateral connection of industrial/domestic energy usage and real GDP. Likewise, the author suggested that energy efficiency improvements should focus on the energy import dependence and demand side, which are significant for strategy implications on the structural strategies that affect energy usage in Greece. Altunbas and Kapusuzoglu [32] determined the relation of energy use to the GDP in the UK during the period between 1987 and 2007. Since the analysis results points to the non-existence of a co-integration connection among GDP and energy usage, it could be declared that there is no long-term association between the said variables; however, in the short term, a unilateral causality link between economic growth and energy use was detected.
The dynamic causal link among energy use, price, and GDP in the Kingdom of Saudi Arabia (KSA) was studied based on a demand-side approach, where Johansen's multivariate co-integration method was used by incorporating CO 2 emissions as a control variable [33] . The results demonstrate the existence of a long-term unilateral causal link between energy price, energy usage, carbon emissions and GDP. In addition, a long-term unilateral causal link exists between energy use and the GDP on the one side, and carbon emissions, on the other. Likewise, a bilateral causal link between carbon emission and GDP and a long-term unilateral causal link from the price of energy to the GDP and to carbon emissions were detected. In the short term, however, a unilateral causal link exists between emissions and energy usage as well as emissions and economic progress from the price of energy to carbon emissions. Although the energy-led progress hypothesis is valid, the role of energy use in demonstrating the GDP is nominal. The most crucial factor in economic development determination is the price of energy. Therefore, the authors recommended that the strategies intended at decreasing energy usage and controlling carbon emissions might not decrease the development of the KSA significantly. Thus, to restrain carbon emissions and use of fossil fuels, investments in renewable sources such as wind and solar power are urgent requirements.
The research studies might be paneled as country or multi-country specific. The findings of prior literature research are not consistent and did not detect any indication to the existence of the above-mentioned relations between the respective variables [34] . Therefore, Ocal and Aslan [34] conducted country specific research of the causal relation between energy use and the GDP in the Turkish context. Outcomes of ARDL methods that supported the conservation hypothesis demonstrated a negative influence of renewable energy use on the GDP while the Toda Yamamoto's tests for causality confirmed a unilateral causal link between GDP and the use of renewable energy. The ARDL bounds test of cointegration and the vector error correction model (VECM) were employed to investigate the causal and long-term associations between renewable energy use, trade openness, economic development, and carbon emissions for the time span from 1971 to 2010. This research was carried out in the BRICS countries within the multivariate structure [35] . The results of the said study defended the feedback hypothesis by showing the existence of long-term equilibrium links between the mentioned variables, based on ARDL assessments that might demonstrate an impact of promoting renewable energy and the economic prosperity in the BRICS countries.
Human capital is one of the main factors of competitiveness and the GDP [36] . Nevertheless, the latest statistical data about unemployment in the EU expressed a few weak spots in this old perception. It is argued that human capital itself does not seem to ensure economic progress, it seems however to ensure the possibility to cope with economic challenges. Conversely, in countries, such as Spain or Cyprus, the level of human capital, measured as a proportion of people with tertiary education, is comparatively very high while unemployment has reached critical levels, and GDP growth rate has proved to be unstable or negative. Thus, from the study of Stoppok et al. [14] , it becomes evident that human capital has to indicate the GDP, or if not, a higher level of joblessness might be created due to various impacts and instabilities in HR market. The study deals with local economic challenges and shows such dissimilar responses on the basis of structural variations and human capital capabilities. Ahmad and Khan [6] examined the association between human capital and economic performance. Kottaridi and Stengos [37] also determined the nonlinear impact of human capital on economic performance. Economic performance has a causal link with energy consumption, supporting the feedback hypothesis [38, 39] , whereas Alaali et al. [40] analyzed the positive substantial influence of energy usage on economic progress, by suggesting to make energy usage efficient for ensuring a sustainable progress.
Rehman et al. [41] studied the causal association between carbon emissions and agricultural productivity in the perspective of Pakistan. The outcomes of the analyses demonstrated that the energy consumption of harvested land, and the obtainability of fertilizers and water, as well as the GDP are significantly related to each other and positively related to carbon emissions. Therefore, the researcher suggested that the state pay more attention to agricultural growth, which would be beneficial for the overall economic development of the country. Maamar and Salha [42] determined a long-run bilateral causality link between economic performance and renewable energy, and defended the feedback hypothesis. Similarly, Alaali et al. [40] found an association between economic performance and human capital by dividing human capital into health capital and education capital, where the education capital positively affected the economic development and where the health capital negatively affected it. Likewise, economic development is positively influenced by the innovative capability of human capital [43] and also by the capital stock and the use of biomass energy [44] . Thus, intellectual capital is significant for enterprises to attain sustainable growth and create their value [45] .
Fang and Chang [8] presented an admirable literature review with regard to the energy, growth, and human capital nexus, which demonstrates that the awareness of these dynamic relationships provides a basis for the latest studies in the stated areas and helps to formulate effective economic strategies and promote eco-friendly energy policy goals. Furthermore, human capital has a larger nominal but marginal real effect on the national economy, and in particular, it could have a synergy influence on energy usage. Hence, economic experts might increase the allocation of resources to human capital investments, specifically, in the areas of competency development, to ensure the utilization of available advanced technologies and support the research of more energy efficient technologies.
In light of the surveys of the previous research studies, none of them dealt with an investigation of the long-term and short-term causal interactions among renewable energy generation, aggregated energy use, human capital, and economic performance in the perspective of Pakistan for the time series data comprised of 26 years, i.e., 1990-2016. Furthermore, previous research in this field did not consider the simultaneous relationships among those variables. These aspects provide a considerably huge gap to be bridged by the current study. Also, as the major part of the prior empirical studies analyzed the stated relationships on a piecemeal basis, thus the exploration of a four-way connection between the variables of interest distinguishes this research from the existing pool of other research.
The current study attempts to systematically analyze the empirical interactions between renewable energy generation, aggregated energy use, human capital, and economic performance for the time series data of Pakistan spanning from 1980 to 2016. In a detailed manner, the following contributions were deducted by this study. First, the order of integration of time series data was identified by employing a comprehensive unit root test considering, among others, the ADF-GLS unit root. Second, a long-term equilibrium association was established between renewable energy generation, aggregated energy use, human capital, and economic performance, which is the first ever attempt in the literature. Third, the simultaneous analyses of interactions among renewable energy generation, aggregated energy use, human capital, and economic performance in the perspective of Pakistan's economy can be seen as an initial empirical attempt taken by the current study.
The rest of the study is organized as follows: the "Literature review" section is based on data and methodology. The "Methods" section details the results and discussion of the study. Finally, the "Conclusions and implications" section concludes the work and provides some useful policy implications.
Methods

Data and methodology Data description
The study intends to examine the long-term interaction between renewable energy generation, energy use, human capital, and economic performance in Pakistan. For this purpose, econometric tests were employed for the phase of 1990 to 2016. The data utilized are a time series based on an annual frequency compiled by using the World Development Indicators [46] and Penn World Tables (9.0) [47] . The data with regard to renewable energy generation, energy use, and gross domestic product (GDP) per capita were collected from the World Development Indicators while the data with regard to the human capital index were collected from the Penn World Tables.
The description of the data utilized for estimations is as follows: The data on renewable electricity output (percentage of total electricity output) were taken to measure the renewable energy generation (EG R ), whereas the energy use (kg of oil equivalent) was taken to measure the aggregated energy use (EU A ), the human capital index was used to measure human capital (HC IN ), and the GDP per capita (constant US dollar) was used to measure the economic performance (EP). The trend in all the four variables is displayed in Fig. 3 .
The functional form of the model to be estimated is as follows:
Unit root analysis
First of all, the Augmented Dickey-Fuller (ADF) [48] , the Phillips-Perron test (PP) [49] , Kwiatkowski-Phillips-Schmidt-Shin (KPSS) test [50] , and the Ng-Perron tests [51] of unit root analyses were conducted to determine whether the sequences were stationary. To support the outcomes of the stagnation analysis, all four tests were carried out at the same time. Likewise, the Schwarz Bayesian criterion (SBC), the Akaike information criterion (AIC), and the Hannan-Quinn Information criterion (HQC) were adopted to investigate the lag length, while conducting the unit root examinations. The outcomes of ADF and PP unit root examinations cited in Table 1 were the lag lengths calculated by AIC, SBC, and HQC.
The findings of the ADF and PP tests conducted on variables in the level form indicate that they are nonstationary, whereas the first difference form of the data series turned out to be stationary. In a similar way, the ADF-GLS test results supported the results of the ADF and PP tests results. Moreover, the application of KPSS with the trend came to the same results and supported the first difference as being without unit root. These statistical results are presented in Table 2 .
From Table 2 , it is evident that the LM statistics for the level form variables are non-stationary as compared with those values that were found to be greater than the KPSS critical statistics at the significant level given as 5% and, hence, as a result, it declared the series to have a unit root issue. Whereas, the outcomes found by the application of the same test to the variables in the firstorder difference form had regarded the series to be difference stationary. Thereby, the KPSS test findings endorse the results of the ADF and PP analyses.
Furthermore, the Ng-Perron unit root examination results (in Table 3 ) show a more reliable and effective outcome in the case of a small number of observations.
The null hypothesis of the MSB, MPT with the KPSS test results inclusive, reveals that the sequence is without unit root process, while the null hypotheses of the MZ α and MZ t analyses demonstrated that the sequence contains the unit root as found in the case of PP and ADF tests. The Ng-Perron test was executed by opting the Spectral OLS-Detrended Autoregressive Model, where the optimal lag order was identified and calculated based on the SBC, BIC, and HQ criterion. In order to keep the data as time-invariant, the lag length has to amount to one at the level form sequences. In addition, the firstorder difference of the series was I(0) for all the data series. For the structures displaying the constant and trend formation, the lag order in the level form of the sequence was found to be I(1). The first-order difference form for the sequence amounted to I(0) for all the variables. In Table 3 , series (1) is the first aware station since the statistical values of MZ α and MZ t , in the first difference form of the data series exceed the table values, and thus the value of MSB and MPT are less than the tabulated statistical values.
Co-integration analysis
Since all the data series incorporated in the structure are observed to be without a unit root at the first-difference, co-integration tests were employed along with a vector autoregressive (VAR) approach. In order to conduct the analysis, the vital criteria are the accuracy in the estimation of the VAR lag order, as ascertained by the AIC, SC, HQ, and DIC. The VAR lag length was determined as recorded in Table 4 .
As seen in Table 4 , the information criterion values are provided with the evidence that a lag length of order 1 has been identified. The identification for a 1-year lag VAR structure was employed as a primary step. A white test to check the presence of homoscedastic series was carried out to confirm the absence of a variance issue of the error terms. As a next step, a Jarque-LM test was conducted for testing the autocorrelation issue. The statistical outcomes unveiled that there is no issue of variance for the given formations which also declares that the random errors follow the normal distribution that further confirms that there are no serial correlation issues observed. Thus, the identification test of a 1-year lag VAR structure confirms that the model was found to be consistent.
Results and discussion
Co-integration-based long-term results
In the current research, the Johansen and Juselius analysis [52] was performed for the co-integration test, which can be seen in Table 5 .
The empirical results in Table 5 show that the null hypothesis, claiming the existence of co-integration, was not accepted by the trace and highest eigenvalue test statistics, and one co-integration association is observed in each of the model specifications. It demonstrates the existence of a long-term connection between renewable energy generation (EG R ), aggregated energy use (EU A ), and economic performance (EP) in Pakistan. To further check the directionality of the said associations, normalized specifications are determined according to a 5% level of significance (Tables 6 and 7) .
The normalized specification according to EO: Specification 1 explains the positive influence of renewable energy generation, aggregated energy use, and human capital on economic performance in the long term. It implies that progress in the economic performance is caused by an enhanced aggregated energy use [53] as well as a renewable energy generation in the long term. Likewise, the accumulation of human capital implies that the addition of skilled labor equipped with knowledge makes a technological adoption quicker and thus improves the performance of an economy [6] . Specification 2 demonstrates the positive influence of economic performance and human capital on renewable energy generation in the long run. At the same time, a neutral influence of the aggregated energy use on renewable energy generation was also observed in the same specification. It implies that human capital improves economic performance which promotes the generation of renewable energy. Next, specification 3 demonstrates a significant influence of economic performance, renewable energy generation, and human capital on aggregated energy use in the long term. Finally, specification 4 demonstrates that the economic performance imparted a positive and significant impact on human capital. However, human capital remained neutral to changes in renewable energy generation, and aggregated energy use. When the given specifications in the normalized form are observed together, a positive bilateral association between economic performance and renewable energy generation, aggregated energy use and economic performance [54] , and human capital and economic growth [55, 56] can be seen in the long term. However, 
Vector error correction model-based empirical results
The long-term associations among the given variables help formulate a VECM which explicitly incorporates the component of an error correction term acquired from co-integration regressions and in this context, the objective is to find the source of causal links. The VECM specifications established in the current research are as follows:
The findings of the VECM are listed in Table 8 . The ECM (− 1) term, which encodes the long-run error-correction term allied with co-integration, interprets the size of the prior imbalance. Empirically, a negative error correction coefficient is predicted and proved to be statistically significant at a 5% level of significance for specifications 5, 6, 7, and 8, respectively. Specification 4 reveals that a long-run causal linkage is operating from renewable energy generation and aggregated energy use to economic performance.
This finding complies with the findings of the JJ cointegration analysis. Based on specifications 5-8, a causal links exists among economic performance, aggregated energy use, renewable energy generation, and human capital. The value of R 2 for all the specifications are 0.925, 0.895, 525, and 859, which exposed that the arguments made for these specifications are overall a good fit. The causal links in specifications 5-8 confirmed the findings found in specifications 1-4 given in the normalized form.
Short-run causal links through granger causality
For a further investigation of the causal links, the shortrun association among these variables was tested by conducting the Granger Causal link analysis. The lag length was found to be 1 for the Granger causality test, according to the information criteria of FPE and HQ. The findings are presented in Table 9 . The above-mentioned results declare a bilateral causality association between economic performance and renewable energy generation and there is a one-way causal association from the aggregated energy use to the economic performance in the short term. It was observed that these results obtained for the short-term test are in correspondence with the results of the long-term test. These causal links with their parameter coefficients obtained from the long-run estimates and the directionality from the causality analysis are displayed in Fig. 4 .
Cholesky one standard deviation impulse response functions
As a final step, the influence of an "arbitrary shock" in one variable caused by another variable in the system was determined via the impulse response functions. Putting it in another way, the impulse responses uncovered the influence of a shock, which had produced a standard error shock on one of the disturbance terms in the present and future values of the variables in the VAR system. These outputs of the impulse responses, according to Cholesky on the standard deviation, are depicted in Fig. 5 .
The response of economic performance to aggregated energy use remained stable in the first half of the time period, and in the second half period, it increased gradually. During the first quarter of the time, the economic performance to human capital rose and in the remaining three quarters of time, it remained stable. For a response of economic performance to renewable energy generation, in the first half of time, economic performance improved slightly and remained stable; however, in the second half of the period, it reduced slightly and remained stable throughout the course of duration.
In the case of response of aggregated energy use to economic performance, the aggregated energy use is reported to positively affect the economic performance, which kept increasing along the time period. In the case of response of aggregated energy use to human capital, during the first half of the time period, aggregated energy use remained stable and afterward, it increased gradually. In the case of response of aggregated energy use to renewable energy generation, in response to a rise in renewable energy generation, the aggregated energy use started increasing after the first quarter of time and then kept on rising.
In the case of response of human capital to economic performance, the human capital is accelerated in response to a positive shock in economic performance throughout the time period. In the case of response of human capital to aggregated energy use, human capital slightly increased in the first half of time and in the second half, it became stable. As to a response of human capital to renewable energy generation, the human capital in response to a positive shock on renewable energy generation decreased slightly and then improved slightly throughout the whole time period.
In the case of response of renewable energy generation to economic performance, a positive economic performance shock induced a positive response to renewable energy generation within the whole course of time. As to a response of renewable energy generation to aggregated energy use, during the first half of the time period, the positive shock on aggregated energy use brought a slight rise in renewable energy generation which became stable for the rest of the time. In response to a positive shock on human capital, renewable energy generation decreased slightly and afterward, it became stable.
Conclusions and implications
This is an empirical attempt to systematically examine the long-term, as well as short-term, interactions between renewable energy generation, aggregated energy use, human capital, and economic performance in Pakistan for time series data spanning from 1980 to 2016. Unlike previous studies, at first, a long-term test among the variables of interest was established which was the maiden empirical attempt in the literature. Secondly, the analysis of interactions between renewable energy generation, energy use, human capital, and economic performance in the context of Pakistan's economy is the first known attempt carried out in the current study. As a primary step, a time series unit root analysis was conducted making use of ADF, PP, KPSS, and ADF-GLS tests. As the main methodology, JJ co-integration was used to determine the presence of a long-term association among the variables of interest. Finally, within the VAR modeling framework, the ECM was applied and the impulse response functions were estimated. The Granger causality and impulse-response tests were conducted with the aim to analyze the short-term causality relations. The findings of a former test interpreted the existence of long-term associations between renewable energy generation, aggregated energy use, human capital, and economic performance. The normalized specifications obtained from the co-integration analysis demonstrate the existence of a positive bi-lateral causal association between renewable energy generation and economic performance, aggregated energy use and economic performance, and human capital and economic performance in the long term as well as in the short term. Furthermore, a positive unilateral causal link was uncovered running from renewable energy generation and human capital to aggregated energy use. Likewise, a positive unilateral link running from human capital to renewable energy generation was evidenced. The findings of the Granger causality analysis, in sequence with the results determined for the long-term test, also confirmed the existence of a bilateral causal association between the generation of renewable energy and economic performance, a one-way causal link running from aggregated energy use to economic performance in the short term. In continuation, when Granger causality and impulse response functions findings were investigated together, a positive bilateral causality relation of economic performance with renewable energy generation, aggregated energy use, and human capital was declared in the short-term test. Additionally, according to Granger causality findings between aggregated energy use and renewable energy generation and human capital, a one-way causal link from two of them to aggregated energy use was observed.
The interrelated links among renewable energy generation, aggregated energy use, human capital, and economic performance demonstrated the significance of renewable energy in enhancing economic performance and vice versa. In addition, the government should pay attention to the above-stated interrelated links when formulating strategies for renewable energy generation and overall usage of aggregated energy. Furthermore, the generation of renewable energy should be promoted, which could foster the energy sector development as an impetus to ultimately attain the sustainability goals, defined by government bodies. Moreover, to smooth the growth of the renewable energy sector, economic performance is essential in generating the requisite resources to support the research and development of renewable energy technologies and establishing the essential setup. 
